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$\mathrm{L}\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{m}\mathrm{a}\mathrm{y}\mathrm{e}\mathrm{r}[5],$ $\mathrm{G}\mathrm{a}\mathrm{b}\mathrm{r}\mathrm{i}\mathrm{e}\mathrm{l}\mathrm{i}\mathrm{a}\mathrm{n}[2]$ , Maurer, Salomaa and $\mathrm{W}\mathrm{o}\mathrm{o}\mathrm{d}[6]$












21. $\alpha,$ $\beta\in\Sigma^{*}$ $\alphaarrow\beta$ $\alpha$
$\beta$
$\mathrm{O}L$ 3 $G=(\Sigma, P, w)$ $\Sigma$ $w$
$\Sigma$ $P$ 2
:
(1) $P$ $\Sigma$ ( 1 )
(2) $a\in\Sigma$ $a$ ( 1 )
$\mathrm{O}L$ $G=(\Sigma, P, w)$ (deterministic) $\mathrm{O}L$ ( $D\mathrm{O}L$ )
$a\in\Sigma$ $a$ 1 $P$
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.$0L$ $G=(\Sigma, P, w)$ (propagating) $0L$ (POL )
$P$ $\Sigma^{+}$ ( $1^{\wedge}$ )
$D\mathit{0}L$ POL $0L$ PDOL
$0L$ $0\mathcal{L}$ $D0\mathcal{L},$ $\mathcal{P}0\mathcal{L},$ $\mathcal{P}D\mathrm{o}c$
22. $G=(\Sigma, P, w)$ $\mathrm{O}L$ $\Sigma^{*}$ 2 $\Rightarrow c$ ( $\Rightarrow$
) :
$n\geq 1$ $a_{1},$ $a_{2},$ $\cdots,$ $a_{n}\in\Sigma$ $\beta_{1},$ $\beta_{2},$ $\cdots,$
$\beta_{n}\in\Sigma^{*}$
$a_{1}a_{2}\cdots a_{n^{\Rightarrow}}G\beta 1\beta 2\ldots\beta n$
$i=1,2,$ $\cdots,$ $n$ $a_{i}arrow\beta_{i}$ $P$
$G$ $L(G)$ :
$L(G)=\{u|w\Rightarrow_{c}u\}*$ .
$\Rightarrow_{G}^{*}$ $\Rightarrow G$ ( $w$ $G$ )
G. 3 $\Sigma^{*}$ $.\mu=$ $(w. 0, w_{1}, \cdots , w_{n}, \cdots)$ :
(1) $w_{0}=w$
(2) $i$ $w_{i}\Rightarrow cwi+1$
(3) $\mu$ $w_{n}$ $w_{n}\Rightarrow_{G}u$ $u\in\Sigma^{*}$
$G$ $P(G)$ $G$ $G$
$G$ $G$ $\mathcal{O}(\mathcal{P}(G))$
$\Sigma^{*}$ $(T, F)$ $P(G)$ $T\subseteq \mathcal{O}(\mathcal{P}(G))$ $F\cap$
$\mathcal{O}(P(G))=\phi$ $0$
23. $\mathrm{o}L$ $G=(\{a\}, \{aarrow a, aarrow a^{2}\}, a)$ :
$L(G)$ $=$ $\{a^{n}|n\geq 1\}$ ,
$\mathcal{P}(G)$ $=$ $\{$
$(a, a, a, \cdots)$ , $(a, a, a^{2}, \cdots)$ ,
$(a, a^{2}, a^{2}, \cdots)$ , $.(a. .’ a^{2}, a^{3}, \cdots)$ , $(a, a^{2}, a^{4}, \cdot\cdot):,$ $\}$
$=$ $\{(a^{n0}, a^{nn}, a.’.\cdot)12.\cdot.|n_{0}.=.1, n_{i-1}\leq n_{i}$
.
$\leq 2n_{i-1}.(i\geq 1)\}$ .
22. Pure




$n\geq 1$ Pure $G=(\Sigma, P, S)$ Pure$\leq n$ $P$
$n$
Pure $G=(\Sigma, P, S)$ Pure (context-free) (PCF )
$P$ $\Sigma$ ( 1 ) (PCF
Pure $\leq n$ $n=1$ )
Pure ’Pure $Pure\leq n’ PC\mathcal{F}$
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2.5. $G=(\Sigma, P, S)$ Pure $\Sigma^{*}$ 2 $\Rightarrow c$ ( $\Rightarrow$
) :
$\alpha\in\Sigma^{+}$ $\beta\in\Sigma^{*}$ \alpha \Rightarrow G $\beta$ $\alpha=u\alpha^{\prime_{v}},$ $\beta=u\beta^{;_{v}}$
$u,$ $v\in\Sigma^{*}$ $\alpha’arrow\beta’$ $P$
$G$ $L(G)$ :
$L(G)=\{u|\exists w\in S\mathrm{s}.\mathrm{t}. w\Rightarrow^{*}Gu\}$.
$\Rightarrow_{G}^{*}$ $\Rightarrow G$
$G$ 3 $\Sigma^{*}$ $\mu=(w0, w_{1}, \cdots, w_{n}, \cdots)$ :
(1) $w_{0}\in S$
(2) $\dot{j}$ $w_{i}\Rightarrow cw_{i+1}$
(3) $\mu$ $w_{n}$ $w_{n}\Rightarrow_{cu}$ $u\in\Sigma^{*}$
$G$ $P(G)$ $G$ $G$
$G$ $G$ $\mathcal{O}(P(G))$
$\Sigma^{*}$ $(T, F)$ $\mathcal{P}(G)$ $T\subseteq \mathcal{O}(P(G))$ $F\cap$
$\mathcal{O}(P(c))=\phi$
26. PCF $G=$ ( $\{a,$ $b\},$ $\{aarrow ab,$ $barrow ba\}$ , {ab})
:
$L(G)$ $=$ {ab, $abb,$ $aba$ , abaa, abab, abba, abbb, $\cdots$ },
$P(G.)$
$=$ $\{(ab,aba,abb(ab,abb,abbba’, \cdot\cdot\cdot)),$, $(ab(ab,’ abaabb,,.a.b.ab,\cdot.\cdot.\cdot.)abaa,)’$, $(ab(ab, abaabb,,abba,\cdots)abab,\cdots)’\}$ .
3.
$\mathcal{G}$ $L$ Pure $L$ Pure.
$L(\mathcal{G}),$ $\mathrm{p}(\mathcal{G})$
$L(0\mathcal{L})$ $0L$ $P(\mathrm{o}c)$ $\mathit{0}L$
3.1.
$L$ Pure
3.1 $(\mathrm{Y}\mathrm{o}\mathrm{k}\mathrm{o}\mathrm{m}\mathrm{o}\mathrm{r}\mathrm{i}[11])$ . (1) $L(PO\mathcal{L}),$ $L(O\mathcal{L})$
(2) $L(PD\mathrm{O}\mathcal{L})$
3.2 (Tanida and $\mathrm{Y}\circ \mathrm{k}_{0}\mathrm{m}\mathrm{o}\mathrm{r}\mathrm{i}[1.\mathit{0}]$ ) . $L(\mathcal{P}C\tau)$
$L(Pure\leq n),$ $L(Pu\Gamma e)$
3.3. $L(PCF),$ $L(\mathrm{p}_{u}\Gamma e\leq n),$ $L(Pure)$
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. $L(Pure\leq n)$ $L(\mathcal{P}ure)$ $L(\mathcal{P}cF)$
Mukouchi and $\mathrm{A}\mathrm{r}\mathrm{i}\mathrm{k}\mathrm{a}\mathrm{w}\mathrm{a}[7]\text{ }\tau_{\backslash }\#$
,
6 $L(PCF)$
$L\subseteq\Sigma^{*}$ $P=\{aarrow a|a\in\Sigma\}$ $G=(\Sigma, P, L)$




3.4. $\mathcal{P}(0\mathcal{L}),$ $\mathcal{P}(\mathcal{P}0\mathcal{L}),$ $P(D0\mathcal{L}),$ $P(pD0\mathcal{L})$
35 $(\mathrm{M}\mathrm{u}\mathrm{k}_{\mathrm{o}\mathrm{u}}\mathrm{c}\mathrm{h}\mathrm{i}[8])$ . $C$ $P_{0}\not\in C$ $P_{0}$
$\mathcal{P}\in C$ $\Sigma^{*}$ $(T, F)$
36. $\mathcal{P}(0\mathcal{L}),$ $P(P0\mathcal{L})$
. $P(P\mathrm{o}\mathcal{L})$ $P(O\mathcal{L})$
$P_{0}=\{(a, b, b, b, \cdots), (a, bb, bb, bb, \cdots), \cdots, (a, b^{i}, b^{i}, b^{i}, \cdots), \cdots\}=\{(a, b^{ii}, b, b^{i}, \cdots)|i\geq 1\}$
$\mathcal{P}0\not\in \mathcal{P}(0\mathcal{L})$
$\mathcal{P}_{0}$ $\Sigma^{*}$ $(T, F)$ $P=\{aarrow b^{i}|(a,$ $b^{i},$ $b^{i},$ $\cdots$ ,
$b^{i})\in T\}\cup\{barrow b\}$ $G\overline{\sim}(\Sigma, P, a)$ $G$ $0L$ $T\subseteq \mathcal{O}(P(G))$







$P_{0},$ $P_{1},$ $\cdots\in p(p_{ur}e)$
. $\Sigma=\{a, b, c\}$ :
$P_{0}=\{aarrow bcb, c$
.
$arrow c^{2}\}$ , $P_{i}=\{aarrow bcb, bcbarrow bc^{2}b, \cdots, bc^{i-1}barrow bc^{i}b\}$ $(i\geq 1)$ .
$G_{i}=(\Sigma, P_{i}, \{a\})$ Pure $P_{i}=P(ci)$ $(i\in N)$





38. $P(PC\mathcal{F}),$ $P(\mathcal{P}ure\leq n)$
(
Tanida and $\mathrm{Y}\mathrm{o}\mathrm{k}\mathrm{o}\mathrm{m}\mathrm{o}\mathrm{r}\mathrm{i}[10]$ )
$u,$ $v\in\Sigma^{*}$ $u\Rightarrow v$ 1
Prod$(u, v)$
Prod$(u, v)=\{aarrow\beta|a\in\Sigma, \beta\in\Sigma^{*}, \exists s, t\in\Sigma^{*}\mathrm{s}.\mathrm{t}. u=sat, v=S\beta t\}$
Prod(ab, aabb) $=\{aarrow aab, barrow abb\}$
$u\in\Sigma^{*}$ $u$ $(u)$
39. $u,$ $v\in\Sigma^{*}$
$O(m^{2}n)$ Prod$(u, V)$ $m=(u),$ $n=$
$(v)$
$\Sigma^{*}$ $\mu=(w_{0,1,n}w\cdots, w)$ $\mu$ $n+1$ $(\mu)$ $i+1$
$w_{i}$ $\mu(i)$ $(0\leq i\leq n)$
Algorithm IIM
Input : positive presentation;
Output : a PCF grammar $G$ ;
begin
$S:=\emptyset$ ; $P:=\phi$ ;
repeat
read the next example $\mu$ ;
if $\mu\not\in \mathcal{O}(P(G))$ then begin
$S:=S\cup\{\mu(\mathit{0})\}$ ;
for $i:=\mathit{0}$ to $(\mu)-2$ do $P:=P\cup \mathrm{P}\mathrm{r}\mathrm{o}\mathrm{d}(\mu(i), \mu(i+1))$
end;






$\mu\in \mathcal{O}(P(G))$ $i(0\leq i\leq(\mu)-2)$ $|\mathrm{P}\mathrm{r}\mathrm{o}\mathrm{d}(\mu(i), \mu(i+1))|=1$
311. $u,$ $v\in\Sigma^{*}$
$|\mathrm{P}\mathrm{r}\mathrm{o}\mathrm{d}(u, v)|\geq 2$ $(u)\leq(v)$ $(aarrow\beta)\in \mathrm{P}\mathrm{r}\mathrm{o}\mathrm{d}(u, v)$
$a$ $\beta$
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3.12. PCF $aarrow sat$
. ..
.





314. $P(\mathcal{P}C\mathcal{F}),$ $P(\mathrm{p}ure\leq n),$ $p(Pure)$
. $\mathcal{P}(\mathcal{P}ure\leq n),$ $\mathcal{P}(Pure)$ $\mathcal{P}(\mathcal{P}c\mathcal{F})$




$\Sigma^{*}$ $(T, F)$ $P=\{aarrow b^{i}|(a, b^{i})\in T\}$
$G=(\Sigma, P, \{a\})$ $G$ PCF $T\subseteq \mathcal{O}(P(G))$





315. $n\in N$ PCF $G=(\Sigma, P, S)$ PCF$\leq n$ $|P|\leq n$
$|S|\leq n$ PCF $\leq n$ $PC\mathcal{F}^{\leq n}$
$P(PCF\leq n)\subseteq P(\mathcal{P}C\mathcal{F})$ 38 $P(PCF^{\leq n})$
316. $n\in N$ $\mathcal{P}(Pc\mathcal{F}\leq n)$
4.
1
$DOL$ PCF\leq n PCF
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